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© Scandate cathode. 

© To maintain a monolayer of scandium, which is 
necessary for a satisfactory emission on the surface 
of a scandate cathode, at least the top layer of the 
cathode is provided with a scandium-containing ox- 
idic phase. Scandium is supplied by segregation of 
scandium or a scandium-containing compound from 
this oxidic phase. 
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SCANDATE CATHODE. 



The invention relates to a scandate cathode 
having a cathode body which comprises a matrix of 
at least a high-melting point metal and/or alloy with 
a barium compound at least in the matrix in contact 
with the matrix material, which compound can sup- s 
ply barium on the emissive surface by a chemical 
reaction with the matrix material. 

The invention also relates to methods of manu- 
facturing such a cathode and to an electron beam 
tube provided with such a cathode. 10 

Cathodes of the type mentioned in the opening 
paragraph are described in the Article "Properties 
and manufacture of top-layer scandate cathodes", 
Applied Surface Science 26 (1986) pages 173-195, 
J. Hasker, J. van Esdonk and J.E.Crombeen. In the 15 
cathodes described in this Article scandium oxide 
(SC2O3) grains of several microns or tungsten (W) 
grains which are partially coated with either scan- 
dium (Sc) or scandium hydride (SCH2) are pro- 
cessed at least in the top layer of the cathode 20 
body. The cathode body is manufactured by 
means of pressing and sintering, whereafter the 
pores are impregnated with barium-calcium-alumi- 
nate. In order to maintain the electron emission, the 
barium-calcium-aluminate supplies barium on the 25 
emissive surface by a chemical reaction with the 
tungsten of the matrix during operation of the cath- 
ode. To be able to realise a very high cathode load 
after mounting in, for example, a cathode ray tube 
and activation of the cathode, it is important that a 30 
scandium-containing layer having a thickness of 
one monolayer has formed on the cathode surface 
during impregnation by means of a reaction with 
the impregnating agent. As has been proved in 
experiments described in the above-mentioned Ar- 35 
tide, the scandium-containing layer may be re- 
moved completely or partly by an ion bombard- 
ment which may occur in practice, for example 
during the manufacture of television tubes, which 
leads to detrimental consequences for the electron 40 
emission. Since SC2O3 is not very mobile 
(oxidation occurs during impregnation in the cath- 
odes manufactured with W which is partly coated 
with Sc or SCH2), said scandium-containing layer 
cannot be fully regenerated by reactivation of the 45 
cathode. The described experiments have also 
proved that a regeneration, which is efficient for a 
complete recovery of the emission, is not achieved. 
As compared with an impregnated tungsten cath- 
ode coated or not coated with, for example so 
osmium-rhutenium or irridium, this may be consid- 
ered as a drawback. 

One of the objects of the invention is to provide 
scandate cathodes which are considerably im- 
proved in comparison with the above-mentioned 



drawback. The invention is based on the recogni- 
tion that this can be achieved by making use of the 
segregation of scandium or a scandium-containing 
compound. 

To this end a scandate cathode according to 
the invention is characterized in that at least the 
top layer of the cathode body comprises at least 
one oxidic phase which comprises at least barium 
and scandium as composite elements. The oxidic 
phase is preferably non-stoichiometric with an oxy- 
gen deficiency. 

When raising the temperature in vacuo, a mon- 
olayer comprising scandium is deposited on the 
surface of the top layer because scandium (or the 
scandium-containing compound) segregates from 
the said oxidic phase. The segregation is presum- 
ably promoted by the lower stability of such oxidic 
phases with respect to, for example scandium ox- 
ide. Due to the segregation the supply of scandium 
is maintained, even if the scandium of the mon- 
olayer is lost by, for example an ion bombardment. 
Said segregation is even more promoted by an 
oxygen deficiency in the oxidic phase. 

In a preferred embodiment the oxidic phase 
comprises 35-70% by weight of barium. 

The quantity of scandium in said oxidic phase 
is preferably between 5 and 40 % by weight. 

At these percentages a high emission(> 100 
A/cm 2 ) was achieved, notably in a cathode with 
oxidic barium-calcium-scandium-aluminium phases, 
while there were good recovery properties after an 
ion bombardment. 

The scandate cathode may be of the impreg- 
nated type in which the barium compound is intro- 
duced into the cathode body by means of im- 
pregnation, but alternatively the cathode may be a 
pressed scandate cathode or an L-cathode. 

The oxidic phases may be produced in dif- 
ferent manners, dependent on the selected manu- 
facturing method. 

A first method of manufacturing an impreg- 
nated cathode according to the invention is char- 
acterized in that a matrix is pressed from scandium 
powder or a scandium hydride powder and a pow- 
der of the high-melting point metal (for example, 
tungsten), whereafter the scandium (hydride) pow- 
der is partly oxidised, if necessary, and the assem- 
bly is subsequently sintered and impregnated. The 
scandium may be obtained by dehydration of scan- 
dium hydride. The above-mentioned oxidic phases 
are produced during impregnation because the 
scandium oxide and scandium which may be still 
present reacts with the impregnating agent. 

In accordance with a further aspect of the 
invention scandium nitride instead of scandium 
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may be chosen as a starting material. Before sin- 
tering and impregnation, a matrix is pressed from 
the high-melting point materia! and scandium 
nitride. Because of its greater stability, scandium 
nitride is better resistant to high sintering tempera- 
tures than scandium and scandium hydride. The 
scandium nitride nevertheless reacts with the im- 
pregnating agent in such a way that oxidic phases 
(with an oxygen deficiency) can be produced dur- 
ing Impregnation. 

In the case of sintering at high temperatures 
scandium is lost by evaporation. To avoid this as 
much as possible, the sintering operation is prefer- 
ably performed in hydrogen (approximately 1 at- 
mosphere) at temperatures up to approximately 
1500°C. 

In so-called mixed-matrix cathodes, in which 
the scandium is present throughout the matrix, the 
quantity of absorbed impregnating agent depends 
on the quantities of scandium, scandium hydride, 
scandium nitride and/or oxidic phases. 

Another method is characterized in that the 
cathode is obtained by mixing, pressing and sub- 
sequent sintering of powders of a high-melting 
point metal and/or alloy and scandium or scandium 
nitride or scandium hydride, or scandium or scan- 
dium hydride coated with an oxide film, or a pow- 
der of the oxidic phase, together with the impreg- 
nating agent powder. 

A simpler method is characterized in that the 
cathode is obtained by mixing, pressing and sub- 
sequent sintering of powders of a high-melting 
point metal and/or alloy together with the powder of 
one or more oxidic phases. In these methods the 
sintering temperature is the highest temperature 
ever acquired by the cathode body. This tempera- 
ture may be substantially lower than the impregna- 
tion temperature which is conventionally used in 
the methods described hereinbefore. 

The invention will now be described in greater 
detail with reference to the accompanying drawing 
in which 

Fig. 1 shows diagrammatically a cathode ac- 
cording to the invention. 
Rg. 1 is a longitudinal section of a scandate 
cathode according to the invention. The cathode 
body 11 with an emissive surface 21 and a diam- 
eter of, for example 1 .8 mm is obtained by press- 
ing a matrix from W powder and a powder of 
scandium hydride (approximately 0.7 % by weight) 
or scandium, heating for a number of hours in wet 
argon at approximately 800°C and sintering at 
1500°C in, for example a hydrogen atmosphere. 
The thickness of the matrix is then approximately 
0.5 mm. The matrix was subsequently impregnated 
with barium-calcium-aluminate (for example, 4 BaO 

- 1 CaO - 1 Al 2 0 3 ). 

During impregnation the impregnating agent 
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reacts with the scandium oxide formed during sin- 
tering or with the scandium which is still present to 
form an oxidic phase (Ba-Ca-AIScO) which can 
supply scandium during operation of the cathode. 
5 EPMA measurements (Electron Probe Micro Analy- 
sis) showed the following oxidic phases: Ba 2 o^ Caa 
Alt 1 SC10 Os4 - Bais Ca 3 Al 3 Sc 2 i 0 S 4 - Ban Ca* 
Al SC25 O54 (both with and without an oxygen 
deficiency). 

10 The cathode body which is thus obtained and 
which may or may not have an envelope 31 is 
welded onto the cathode shaft 41, A helical cath- 
ode filament 51 which may comprise a metal 
helically wound core 61 with an aluminium oxide 

75 insulation layer 71 is present in the shaft 41. The 
emission of such a cathode, after mounting and 
activation, is measured in a diode arranged at a 
pulse load and a cathode temperature of 950 "C 
(brightness temperature). This emission was more 

20 than 100 A/cm 2 . 

In another example the starting material was a 
tungsten powder and a powder of scandium nitride 
(approximately 1 % by weight) followed by press- 
ing and sintering at approximately 1500°C in, for 

25 example, a hydrogen atmosphere. During impreg- 
nation with a barium-calcium-aluminate an oxidic 
phase was produced from the reaction of the im- 
pregnating agent with the nitride. Dependent on the 
manufacturing method and the starting materials, 

30 the composition of such an oxidic phase may differ 
and may comprise, for example, 35-70 % by 
weight of barium and 5-40 % by weight of scan- 
dium. In the relevant example the oxidic phases 
had similar compositions as in the previous exam- 

ds pie. 

Measured in a diode arrangement at a pulse 
load and a cathode temperature of 950°C 
(brightness temperature), the emission of such 
cathodes was more than 100 A/cm 2 . 

40 In yet another cathode according to the inven- 
tion the cathode body 11 having a diameter of 1.8 
mm and a thickness of approximately 0.5 mm is 
obtained by pressing a mixture of tungsten powder 
comprising approximately 5 % by weight of an 

45 oxidic phase and by subsequently sintering at 
1500°C in a hydrogen atmosphere for 1 hour. 

Baao-s Ca2 Aln Scio O5* - Bais Cas Al 3 SC21 
O54 - Ban Ca4 Al Sc 2 $ O54 were used as oxidic 
phases, while at least one of the oxidic phases in 

50 the mixture had an oxygen deficiency. 

The cathode bodies were mounted in the same 
way again as described hereinbefore (after im- 
pregnation). The emission, measured in the same 
way, was again more than 100 A/cm 2 . 

55 Moreover, to obtain a comparable emission, 
subsequent impregnation turned out to be unnec- 
essary if approximately 10 % by weight of oxidic 
phases were used. 
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A pressed cathode having similar emission 
properties may alternatively be obtained by mixing, 
pressing and subsequent sintering of powders of a 
high-melting point metal and/or alloy and scan- 
dium, scandium hydride or scandium nitride or a 
powder of the oxidic phase, together with the im- 
pregnating agent powder. 



Claims w 

1. A scandate cathode having a cathode body 
which comprises a matrix of at least a high-melting 
point metal and/or alloy with a barium compound at 
least in the matrix in contact with the matrix ma- rs 
terial, which compound can supply barium on the 
emissive surface by a chemical reaction with the 
matrix material, characterized in that at least the 

top layer of the cathode body comprises at least 
one oxidic phase which comprises at least barium 20 
and scandium as composite elements. 

2. A scandate cathode as claimed in Claim 1, 
characterized in that the oxidic phase is non- 
stoichiometric with an oxygen deficiency. 

3. A scandate cathode as claimed in Claim 1 or 2, 25 
characterized in that the oxidic phase also com- 
prises calcium and aluminium. 

4. A scandate cathode as claimed in Claim 1, 2 or 
3, characterized in that the oxidic phase comprises 
35-75 % by weight of barium. 30 

5. A scandate cathode as claimed in Claim 1, 2, 3 
or 4, characterized in that the oxidic phase com- 
prises 5-40 % by weight of scandium. 

6. A scandate cathode as claimed in any one of 
Claims 1 to 5, characterized in that the barium 35 
compound is introduced into the cathode body by 
means of impregnation. 

7. A method of manufacturing a cathode as 
claimed in Claim 1, characterized in that a matrix is 
pressed from a powder comprising scandium or 40 
scandium hydride and a powder of the high-melting 
point metal, whereafter the scandium (hydride) 
powder is partly oxidised, if necessary and the 
assembly is subsequently sintered and impreg- 
nated. 45 

8. A method of manufacturing a cathode as 
claimed in Claim 2, characterized in that a matrix is 
pressed from a powder comprising scandium 
nitride and a powder of the high-melting point 
metal, whereafter the assembly is sintered and 50 
impregnated. 

9. A method of manufacturing a scandate cathode 
as claimed in Claim 1, characterized in that the 
cathode is obtained by mixing, pressing and sub- 
sequent sintering of powders of a high-melting 55 
point metal and/or alloy and scandium or scandium 
hydride or scandium nitride, or scandium coated 

with scandium oxide or scandium hydride or scan- 



dium nitride, or a powder of the oxidic phase, 
together with impregnating agent powder. 

1 0. A method of manufacturing a scandate cathode 
as claimed in Claim 1, characterized in that the 
cathode is obtained by mixing, pressing and sub- 
sequent sintering of a powder of a high-melting 
point metal and/or alloy, together with a powder of 
one or more oxidic phases. 

1 1 . An electron beam tube provided with a cathode 
as claimed in any one of Claims 1 to 6. 
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